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Kinetics of Epidermal Langerhans Cells 
FRITZ GSCHNAIT, M.D., AND WILHELM BRENNER, M.D. 
Department of Dermatology I, University of Vienna, Vienna, Austria 
Langerhans cells are considered to play an important 
role in the initiation of the immune response. This study 
was performed in order to analyze the kinetics of the 
Langerhans cell population under different experimental 
conditions. Using tritiated thymidine, the number of la-
beled Langerhans cells (demonstrated by the Leucin-
aminopeptidase reaction), and of labeled basal keratin-
o~ytes. w:as ~nvestigated by autoradiography in guinea 
pIg skID m vwo, before and 2, 5 and 8 days after stripping 
and before and 2,5 and 8 days after initiation of repeated 
topical exposures to a 0.25 % solution of dinitrochloro-
benzene (DNCB). In addition the total number of Lan-
gerhans cells per mm2 was determined before and after 
DNCB treatment of epidermal guinea pig sheet prepa-
rations using the ATPase reaction. A total of more than 
100.000 cells was evaluated. 
The proliferative activity of Langerhans cells as well 
as of basal keratinocjr1;es was stimulated significantly 
(by statistical analysis), both by stripping and by appli-
cation of DNCB. After stripping, however, the increase 
of the Langerhans cell turnover was found to be second-
ary to the turnover of basal keratinocytes, whereas after 
DNCB application the increase in the proliferative activ-
ity of Langerhans cells appeared a s the primary event in 
epidermal cellular kinetics. 
S ince the discoveries that Langerhans cells (LC) are closely 
apposed to lymphocytes in contact dermatitis [1], appear in 
dermal lymphatics and in draining lymph nodes in sensitized 
guinea pigs [2], and exhibit surface markers specifically associ-
ated with macrophages [3], the role of the epidermal LC as the 
most peripheral outpost of the afferent limb of the immune 
system has become known; their function in contact allergy and 
proba bly also in other cell-mediated reactions seems to be well 
established (4). These facts caused increasing interest in the 
biologic behavior of the LC. Since only few data exist on the 
kinetics of the LC population the present histochemical and 
autoradiographic study was performed in order to analyze the 
kinetics of LC in vivo, in untreated skin and under different 
experimental condit ions. 
MATERIALS AND METHODS 
Randomized adul t (0.4-0.7 yr) albino guinea pigs of both sexes, 
weighing 680- 750 gm were used. The animals were held separately in 
wire cages and were fed wi th a standardized diet. Experiments were 
performed between 9.00 and 11.00 AM in order to obta in kinetic da ta 
not influenced by possible circadian varia tions. 
E pidermal LC were demonstrated by the leucinaminopepdidase 
(LA P) reaction. In contrast to other sta ining techniques, which give a 
dark reaction product (eg, ATPase) the brigh t red LAP reaction product 
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a llows exact determination of autoradiographic label [5] (Figure 1) . 
Immediately after punch biopsy (diameter 7 mm) , the t issue was frozen 
in dry ice. Each biopsy was cut into 80-100 sec tions (IO /l t hick) in order 
to obtain sufficient numbers of LC for quant itative evaluation. After 
preincubation of the specimens in a series of acetone, acetone-chloro-
form 2: 1, acetone-chloroform 1:2, chloroform and petroleum benzene 
according to Glenner [6] , the specimens were then incubated in a 
medium containing L-leucyl-4-methoxy-fJ-naphtylamide (4mg/ ml) [7] 
0.5 ml , Veronal-acetate-buffer (pH 6.12) 2.5 ml , saline 1.9 ml , MnCI., 
(1O-"M) 0.1 ml, and fast blue salt B 2.5 mg [7], the incubation tim~ 
being 6 hI' at 37°C. The incubation medium was changed after 3 hr a nd 
a freshly prepared medium was used. Finally the specimens 'were rinsed 
3 times in saline, dipped in a 0.1 M CuSO., -solution and rinsed aga in in 
saline and distilled water. T en of the specimens were stained addi tion-
a lly with hemalum. 
Epidermal sheets were obtained after removal of the subcutaneous 
tissue and treated wi th 2 N sodium bromide for 4 hr a t room tempera-
ture [8]. The epidermis was then easily removed from the dermis. The 
epidermal sheets were fixed in 5% neutra l formalin (20 min at 4°C) and 
processed, free-floa ting, for demonstra tion of nucleoside triphospha tase 
using adenosine triphosphate (ATP) as substrate according to Wolff 
and Winkelmann [8], the incubation time being 90 min at 37°C. 
I . Epidermal LC Turnover in Normal and Stripped Shin 
The hairs of both flanks of 4 guinea pigs were carefully clipped with 
scissors as short as possible bu t no t shaved and not treated wi th a 
depilatory agent. The skin was then stripped 20 times with a transpar-
ent adhesive tape. 
For in vivo autoradiography 10 /lCi tritiated thymidine (" HTdR; 
spec.act. 5 Ci/mM) were injec ted in tracutaneously. The injection sites 
were marked wi th water-resis tant ink and excised by punch biopsy 40 
min thereafter. Incorpora tion of "HTdR was assessed before stripping 
and 2, 5 and 8 days after stripping. One set of biopsies was subjec ted to 
the LAP reaction as described above and then processed for autora-
diography using the dipping method as described elsewhere [9]. An-
other set of biopsies was fixed in 5% buffered neutral formalin and 
stained with hematoxylin and eosin (HE) . 
2. Epidermal LC Turnover in Shin Treated with DNCB 
In another 4 guinea pigs the hairs of both flanks were a lso removed 
by clipping. The left side was trea ted twice daily with a 0.25% solution 
of dini t rochlorobenzene (DNCB) in absolute ethanol for a tota l period 
of 8 days. Absolu te ethanol alone was applied similarly to the right side 
of each animal. Before treatment and 2, 5 and 8 days after the first 
DNCB application, 10 !lCi of "HTdR were injected intracutaneously; 
biopsies were obta ined, and subjected to the LAP reaction, auto radiog-
raphy and to H E s ta ining, in an identical manner as described under 
paragraph 1. 
A furth er set of 4 guinea pigs were trea ted with 0.25% DNCB in 
absolu te ethanol in an identical manner as described a bove. Biopsies 
were obtained before treatment and 2, 5 and 8 days after the fU'st 
DNCB application, and processed fo r epidermal sheet preparation 
followed by ATPase staining. 
3. E valuation of Specimens 
Only ce lls exhibi t ing dense label (i.e., packed gra ins or a t least more 
than 10 single dispersed gra ins per nucleus) were considered as "la-
beled." 
In sections stained by the LAP reaction the number of labeled LC 
per 1000 LC was determined. Only cells which could be diagnosed 
unequivocally as LC (red stained cytoplasm and dendrites) were 
coun ted. 
In LAP + hem alum stained specimens the number of labeled basa l 
cells per 1000 basal cells was determined. Only blue-s ta ined cells and 
not red-stained or clear cells were evaluated. 
In epidermal sheet preparations cell counts were performed with a 
reticule fi tted into the eyepiece of the microscope using an objective 
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Autoradiograph of un treated guinea pig skin; leucinaminopepdidase 
(LAP) reac tion. (Red) stained dendritic cells (thin arrows) are present 
in the epidermis , one of which exhibits autoradiographic label over t he 
nucleus (thich arrow) . (Reduced from x 240 inset, x 600, arrows 
indicate dendri tes. 
lens of x 43. Cells were counted in 10 to 20 randomly chose fields and 
cel.! populations were expressed as number of cells per square millimeter 
of epidermis. 
A to ta l of more than 100.000 cells was eva luated. 
4 . Stati.~tical Analysis 
T ests of s ignificance were carried out using the t-test analysis (for 
p aired samples). 
5. LAP Differential Staining Procedure 
S ince the enzyme content of epidermal LC is relatively low when 
compared with dermal macrophages [7] , we attempted to obtain differ-
entia l sta ining of LC and dermal macrophages by incubation of the 
s p ecimens obta ined from ONCB treated (8 days) guinea pig skin for 
various periods of time (30,60, 120, 180, 240 and 360 min). 
RESULTS 
1. C linical and Histological Changes 
1 . I. Stripped animals: The stripped skin areas exhibited a 
glossy appearance immediately after stripping and mild crusting 
late r on. The skin grad ually retu rned to normal within 5 days. 
The histological and histochemical observations were iden- . 
t ic aJ to the previous findings of Lessard, Wolff, and Winkelmann 
[10]. There was shedding of the suprabasal portion of the 
e pithelium and regeneration of the epidermis. In LAP-treated 
s pecimens, LAP positive cells were found to be shed from the 
regenerating epidermis within a parakera totic layer at the 2nd 
and 5th day after stripping. Few LAP posit ive cells remained in 
the lower regenerating epidermal layer of the 2nd day, at the 
5th day LAP-positive cells were found in the regenerating 
e pidermal layer in greater numbers. 
1.2. DNCB treated animals: DNCB treated skin areas ex-
hibited a mild degree of redness from the 3rd day on. On the 
5th day, there was also a slight infiltration and some scaling of 
t he s kin, which returned to normal about one week after dis-
continuation of DNCB application. The ethanol treated skin 
sites exhi bited also a slight redness but no infiltration. 
Histologically the epidermis of DNCB-treated animals 
s howed no obvious changes on days 2 and 5. On day 8, there 
was some intra- and intercellular edema. The dermis exhibited 
slight edema and inflltration by scattered mononuclear cells on 
days 5 a nd 8; there were no dermal changes on day 2. 
Specimens evaluated for LAP activity exhibited LAP-positive 
dendl"itic epidermal cells (Figure 1) . There were no apparent 
diffe rences in the LAP activi ty or in the density and distribution 
of LAP-positive cells, in DNCB-treated and untreated speci-
mens. LAP positive cells were never found in the ortho- or 
parakeratotic layers in DNCB-treated specimens. In the sheet 
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preparations LC were identified by their black ATPase reaction 
product, as described previously [8]. The staining pattern of 
DNCB-treated and untreated skin specimens was also identical. 
2. Autoradiographic Da.ta 
The number of labeled basal cells/ lOOO cells and of labeled 
LC/ IOOO LC obtained under the various experimental condi-
tions al·e shown in Tables I and II, including the statistical data. 
2. 1. Basal cell turnover: In both DNCB-treated and stripped 
animals, there was a pronounced increase in the number of 
labeled basal cells when compared to alcohol-treated and non-
stripped specimens. In stripped animals, the maximal increase 
of the basal cell turnover was seen after the second day of 
treatment whereas at this time DNCB-treated animals ex-
hibi ted normal values. In DNCB-treated animals an increase of 
the turnover of basal cells was observed on day 5 for the fIrst 
time and was maximal on day 8 (Table I) . 
2.2. LC turno ver: In both DNCB-treated and stripped ani-
mals, there was a statistically significant increase also in the 
number of labeled LC when compared to the appropriate con-
trol specimens (alcohol treated and nonstripped specimens). In 
DNCB-treated animals, however, there was an increase of LC-
turnover as early as day 2 (when the turnover of basal cells was 
found to be normal) , which further increased on days 5 and 8. 
In contrast, stripped animals showed normal LC turnover on 
day 2 (when the maximum basal cell LI was found), and an 
increase in the number of labeled LC was observed on day 5 for 
the fU'st time (Table II) . 
3. LC Counts on Epidermal Sheets 
No difference was found in the total number of LC per mm~ 
epidermis between untreated, DNCB-treated, and alcohol-
treated specimens (Table III). 
4. LAP Differentia.l Staining Procedure 
After an incubation period of 30 min t here was no staining at 
all. 60 min of incubation led to some diffuse dermal staining, 
which was most pronounced around the hair follicles. At 120 
min, there was clear staining of dermal tissue including dermal 
TABLE 1. Number (mean ·± SD) of labeled basal keratinocytes before 





8 1.5 ± 15.2 
76.3 ± 9.8 
" Statistical analysis: 
Day 2 
53.6 ± 28.5 
357.2 ± 44. 1 
Day 5 
266.4 ± 158.7 
223.0 ± 64.3 
Day 8 
321.7 ± 56.3 
130.6 ± 27.2 
1. Before and during ONCB: day 2: 2p > 0.5 (not significant); day 5: 2p < 0.05; 
day 8: 2p < 0.01. 
2. Before and after stripping: day 2: 2p < 0.01; day 5: 2p < 0.0 1; day 8: 2p < 
0.05. 
TABLE II. Number (mean ± SD) of labeled Langerhans cells before 
treatment and on days 2, 5 and 8 during DNCB and ethanol 
treatment and after stl·ipping respectively" 
Before Day 2 Day 5 Day 8 
DNCB 3.0 ± 1.2 11.3 ± 3. 1 22. 1 ± 7.2 25.6 ± 12.6 Ethanol 5.6 ± 1.5 7.2 ± 4.9 4.8 ± 2.4 
Stripping 3. 1 ± 0.9 4.5 ± 0.9 34.6 ± 8.6 20.1 ± 13.0 
II Statistical anaLysis: 
1. ONCB vs. ethanol: day 2: 2p < 0.02; day 5: 2p < 0.01; day 8: 2p < 0.05. 
2. Before and a fler stripping: day 2: 2p > 0.5 (not significant) ; day 5: 2p < 0.01; 
day 8: 2p < 0.01. 
TABLE III. Number (mean ± SD) of Langerhans cells per mm' 




1085.8 ± 180.8 
Day 2 
946.7 ± 152. 1 
997.3 ± 103.2 
Day 5 
84 1.5 ± 29.0 
924.6 ± 144.2 
Day 8 
963.5 ± 95.3 
1050.5 ± 172.6 
"There is no statistically significant difference between any of the values 
obtained. 
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cells; at this time no single cell was stained in the epidermis. At 
180 min, fa int red-staining of epidermal dendritic cells, in dis-
tribution and cellular density indistinguishable from specimens 
incubated for longer periods of time, was observed. The inten-
sity of red-staining of dendritic epidermal cells increased grad-
uaJly in the 240 min, 300 min and 360 min specimens. 
DISCUSSION 
Based on electron microscopic findings it has been shown 
previously by Silberberg et al. [1,2] that LC are involved in 
allergic contact hypersensitivity, and it was proposed later on 
that LC may circulate from the skin to the draining lymph 
nodes [12]. 
In a series of experiments Stingl et al [4] clearly demonstrated 
a specific function on the LC. LC bear Fc and C:) receptors [3], 
express Ia antigens on their surface [13,14], and are the only 
epidermal cell population known so far, which is able to replace 
t he antigen-presenting function of macrophages [4]. This clearly 
indicates t hat the LC belong to the macrophage-histiocyte-
monocyte system and that LC may be involved both in the 
initiation of the immune response in contact hypersensitivity 
reactions [4], and by facilitating an enhanced reaction in the 
secondary response [3]. Present knowledge on the kinetics of 
the LC population is fragmentary [15] and this study was 
performed in order to evaluate the kinetics of the LC population 
in normal skip, mechanically damaged skin and during exposure 
of skin to a known contact sensit izer. For the purposes of the 
present experiments DNCB was used at 0.25%. This concentra-
tion does not lead to gross toxic epidermal changes [16] and is 
known to induce sensit ization by daily applications [16, 17). 
Based on previous electron microscopic findings of dividing LC 
[18] and on autoradiographic data [5,19] it is well-established 
that the epidermal LC population is reproductive, self-main-
taining and self-regulative [15,19] and it has been shown pre-
viously that LC proliferation can be induced by experimental 
damage to t he skin . ScheLlander and Wolff [5] demonstrated a 
rise in the LC labeling index (ratio of labeled to unlabeled cells) 
at the 6th day after stripping from 0.00125 to 0.015. Giacometti 
and Montagna [20] reported an increase in the number of 
:IHTdR labeled LC 3 days after exposure of skin to ultraviolet 
radiation but did not obtain exact data of LC labeling indices in 
normal, untreated skin. In t he present study the number of 
labeled LC in normal untreated skin and in etha nol-treated 
control specimens was found to be somewhat higher than in 
the study of Schellande~ and Wolff [5], which might be due the 
considerably greater number of cell counts performed in this 
study. Taking nuclear dense label after labeling with tritiated 
thymidine as a valid parameter for premitotic DNA synthesis 
[21], the data obtained after stripping support previous findings 
that the LC population can be stimulated to proliferate, after 
removal of most of the LC population via shedding [5]. . In 
DNCB-treated skin there was also a considerable increase in 
the number of labeled LC when compared to the ethanol-
treated control areas. The pronounced stimulation of the pro-
liferative activity of LC under these experimental condit ions 
seems much more difficult to explain. 
It may be argued, that in DNCB-treated skin dermal mac-
rophages (which also give a positive LAP reacti~n) may have 
invaded the epidermis thus contributing to the cell counts 
performed. Provided that the enzyme activity of dermal mac-
rophages is identical in dermal and epidermal locations the 
latter argument is unlikely as shown by the LAP differential 
staining procedure which revealed the epidermis to be com-
pletely free of LAP positive ceLIs when dermal macrophages 
(which do contain a higher amount of the enzyme [7]) were 
clearly stained. 
The increase in the number of labeled basal cells during 
DNCB treatment may indicate that the increase ofLC turnover 
observed, represents a sequel of an activation of epidermal 
mitotic activity in general. This appears improbable in the ligh t 
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of the stripping experiments: Whereas after stripping the in-
crease of LC turnover is secondary to the increase of the basal 
cell turnover, after DNCB application the increase in the pro-
liferative activity of LC appears to be the primary event in 
epidermal cellular kinetics. 
The following hypothesis may cautiously be taken into ac-
count to explain the early increase of proliferative activity of 
LC during DNCB treatment: (i) DNCB may stimulate specifi-
cally the proliferative activity of LC. Beside the fact that such 
hypothetical function of DNCB is not known this explanation 
appears highly improbable since no increase was found in the 
total number of LC during DNCB treatment, as checked by 
epidermal sheet preparations. (ii) DNCB may lead to early and 
specific damage of LC followed by regeneration processes. Al-
though this assumption cannot be excluded with certainty, it is 
known that a 0.25% solution of DNCB does not lead to severe 
toxic epidermal changes [16] which would induce regeneration 
processes and this is supported by the findings that neither the 
staining properties nor the histologic appearance of LAP posi-
t ive epidermal cells changed during DNCB treatment. (iii) 
DNCB may lead to a loss ofLC from the epidermis followed by 
processes for repopulation. Since there was no loss of LC, e.g., 
via shedding (as it has been observed in DNCB challenge 
reactions [22]), a loss of LC may have occurred from the 
epidermis to the dermis. This hypothesis, however, is highly 
speculative at this time but appears reasonable in the ligh t of 
the macrophage nature of the LC and its possible role in th e 
ini tiation of the immune response to external antigens. 
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